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Nucleic acid promoter fragment isolated from a 
plant tryptophan synthase alpha subunit (trpA) gene. 
Koziel, Michael G. (1); Desai, Nalini M. ; Lewis, 
Kelly S.; Kramer, Vance C; Warren, Gregory W. ; Evola, 
Stephen V.; Wright, Martha S.; Launis, Karen L.; 

Steven J.; Bowman, Cindy G. ; Dawson, John L.; Dunder, Erik 
M . ; Pace, Gary M. ; Suttie, Janet L. 
(1) Cary, NC USA 

ASSIGNEE: Novartis Finance Corporation 
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Office Patents, (Jan. 25, 2000) Vol. 1230, No. 4, pp. No 

pagination, e-file. 

ISSN: 0098-1133. 

Patent 

English 

optimized for expression in plants are disclosed. The DNA 
ferably encode for an insecticidal polypeptides, 



insecticidal proteins from Bacillus thuringiensis . Plant promoters, 
particular tissue-spec^ic and tissue-preferred promotejy; are also 
provided. Additionall j^Blsclosed are transformation ve<^vs comprising 
said DNA sequences. The transformation vectors demonstrate high levels of 
insecticidal activity when transformed into maize. 
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Patent 
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AB Although hepatitis C virus (HCV) is a leading cause of morbidity and 

mortality worldwide, the role of viral cytopathic effects remains 
unclear . 

To study the biosynthesis of HCV structural proteins and their pathogenic 
role, we constructed transgenic mice, expressing type lb HCV structural 
proteins (core, El, and E2) in liver tissues. Two liver-specific 
promoters 

were used. The mouse major urinary protein (MUP) promoter has 

been shown to be developmentally regulated with little or no expression 

in 

utero but high-level expression after birth. The albumin (Alb) 
promoter provides constitutive, high levels of transgenes in live. 
Expression of both HCV transgenes was detected in several lines by 
Northern blots, HCV-specific reverse transcriptase-polymerase chain, 
reactions (RT-PCR) , and Western immunoblotting . Alb HCV lines showed 
higher levels of HCV expression than the MUP HCV lines. 
Immunohistochemical analysis revealed a predominantly cytoplasmic 
presence 



MEDLINE DUPLICATE 1 

97250930 MEDLINE 
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Transgenic expression of hepatitis C virus structural 
proteins in the mouse. 

Kawamura T; Furusaka A; Koziel M J; Chung R T; 
Wang T C; Schmidt E V; Liang T J 

Massachusetts General Hospital Cancer Center, Charlestown, 
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CA 54524 (NCI) 
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HEPATOLOGY, (1997 Apr) 25 (4) 1014-21. 
Journal code: GBZ; 8302946. ISSN: 0270-9139. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199705 

Entered STN: 19970507 

Last Updated on STN: 19970507 

Entered Medline: 19970501 



and 



of core protein with occasional nuclear staining, and both cytoplasmic 

membrane expression ol^^ie E2 protein in the transgenic^^„vers . In both 
transgenes, the highest levels of both antigens were seen in perivenular 
hepatocytes, suggesting potential processing specificity in those cells. 
At six months of age, the livers of all transgenic lineages remained 
histologically normal. We concluded that HCV structural proteins are not 
directly cytopathic in this animal model. 
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Transgenic maize for the control of European corn borer 
other maize insect pests. 

Koziel M.G.; Carozzi N.B.; Desai N.; Warren G.W.; 

Dawson J.; Dunder E . ; Launis K. ; Evola S.V. 
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(164-171) . 
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Journal; Conference Article 
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Our results demonstrate that maize plants are protected from severe 
European corn borer infestations by expression of a synthetic gene 
encoding the active portion of the CrylA(b) . delta . -endotoxin from Bt . 
Different promoters, including three different tissue-specific promoters 
from maize, have proven effective in expressing insecticidal levels of 
CrylA(b) in tissues eaten by ECB. Use of transgenic crops to limit insect 
damage is a new technology. They provide new alternatives to be used with 
other options already available to protect crops. Plants producing a 
.delta. -endotoxin from Bt, like those derived rrom event 176, are the 
first to be commercialized as insect-tolerant transgenic crops, offering 
growers a new source of protection from damage caused by insect pests. As 
additional sources of insecticidal proteins or compounds are identified 
and characterized, new alternatives will also become available. These new 
alternatives will allow the control of insect pests not susceptible to 
known Bt . delta . -endotoxins and will further assist the management of 
resistance to the new traits and chemical insecticides if such resistance 
should arise. Agricultural biotechnology is in its infancy, and the 
available technology continues to improve at a rapid pace. More crops can 
be transformed now, and factors that control gene expression are becoming 
better understood. As this technology improves and the number of known 
insecticidal proteins and compounds increases, options for insect control 
will also increase. Likewise, as crops are transformed with new 
resistance 

traits, these traits will become part of the gene pool of that species 



and 



will be available for wider use in many varieties produced through 
traditional plant breeding. Transgenes will soon become part of the 
genetic diversity of many crops providing important pest control options. 



L15 ANSWER 5 OF 8 BIOSIS COPYRIGHT 2002 BIOSIS 



ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 

AUTHOR (S) : 

CORPORATE SOURCE: 



1996:15234 BIOSIS 
PREV199698587369 
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DOCUMENT TYPE: Article ' 

LANGUAGE: English 

AB A synthetic Bt gene encoding a truncated version of the CrylA(b) protein 
derived from Bacillus thuringiensis was successfully introduced into 

elite 

maize using micropro jectile bombardment of immature embryos. The method 
used to initiate and identify transformation events is described. We 
describe the detailed parameters used for the Biolistics device as well 



as 



the plasmids used for the transformations. The plasmids contained the 
synthetic Bt gene driven by either the 35S CaMV promoter or a 
combination of two tissue-specific promoters, leaf and pollen, derived 
from maize. Specific conditions for the culture of Type I callus from 
immature embryos, the phosphinothricin (PPT) selection protocol, and the 
regeneration of plants are discussed. TO and Tl plants were initially 
identified using the pH-dependent chlorophenol red test and/or the 
histochemical beta-glucuronidase (GUS) assay. PCR and Southern data 
confirm the presence of the 35S CaMV promoter and the synthetic 
Bt gene . 
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Hill, m. ; et al. 
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BIO/TECHNOLOGY., (1993) vol. 11, no. 2, pp. 194-200. 

ISSN: 0733-222X. 

Journal 

A 



SUMMARY LANGUAGE: 
AB 



English 

We introduced a synthetic gene encoding a truncated version of the 
CrylA(b) protein derived from Bacillus thuringiensis into immature 
embryos of an elite line of maize using micropro j ectile bombardment. This 
gene was expressed using either the CaMV 35S promoter or a 
combination of two tissue specific promoters derived from maize. High 
levels of CrylA(b) protein were obtained using both promoter 
configurations. Hybrid maize plants resulting from crosses of transgenic 
elite inbred plants with commercial inbred lines were evaluated for 
resistance to European corn borer under field conditions. Plants 
expressing high levels of the insecticidal protein exhibited excellent 
resistance to repeated heavy infestations of this pest. 
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AB Insecticidal transgenic tobacco plants containing a truncated Bacillus 

thuringiensis crylA(b) crystal protein (ICP) gene expressed from the CaMV 
35S promoter were analyzed for ICP gene expression under field 
and greenhouse conditions over the course of a growing season. We present 
new information on temporal and tissue-specific expression of a CaMV 
35S/cryIA(b) gene. Levels of crylA(b) protein and mRNA were compared in 
both homozygous and hemizygous lines throughout plant development. Levels 
of ICP mRNA and protein increased during plant development with a 
pronounced rise in expression at the time of flowering. Homozygous ICP 
lines produced higher levels of ICP than the corresponding hemizygous 
lines. ELISA analysis of different tissues in the tobacco plant showed 



ICP 



gene expression in most tissues with a predominance of ICP in older 
tissue. All transgenic ICP tobacco lines which were studied in the field 
and greenhouse contained 400 ng to 1 microgram ICP per gram fresh weight 
in leaves from the mid-section of the plant at flowering. The amounts of 
ICP produced by field lines were directly comparable to levels observed 

greenhouse-grown plants. 
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AB The promoter region of the CaMV inclusion body protein gene was 
modified for use in chimeric gene fusions. The modified promoter 
was used to construct a selectable marker for plant transformation based 
on the Tn 5 kanamycin resistance gene. This chimeric selectable marker 

was 

introduced into plant cells using oncogenic and deoncogenized strains of 
Agrobacterium tumefaciens. Both types of transformation produced 
kanamycin-resistant cell lines. The resistant cell lines derived from the 
deoncogenized strains were used to regenerate shoots. A second type of 
selection based on the ability of octopine synthase to detoxify 
aminoethyl 

cysteine was also used to select transf ormants in both oncogenic and 
nononcogenic transformation. 
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Division of Ser. No. US 1995-430257, filed on 28 Apr 
1995, now patented, Pat. No. US 5728925 which is a 
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Chimaeric DNA sequence which encodes: 1) a transmit peptide of a 
cytoplasmic precursor of a chloroplast protein or polypeptide of a 
plant and 2) a protein or polypeptide that is heterologous to 

the transit peptide. The chimaeric DNA sequence can be used as a vector 
for transforming a plant cell so that a chimaeric precursor of 
the heterologous protein or polypeptide is produced in the cytoplasm of 
the cell and the chimaeric precursor then transports the heterologous 
protein or polypeptide in vivo into a chloroplast of the cell. 
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L5 ANSWER 2 OF 2 
ACCESSION NUMBER: 
TITLE: 

INVENTOR (S) : 



PATENT ASSIGNEE (S) 



US PAT FULL 

1998 : 28301 US PAT FULL 

Chimaeric gene coding for a transit peptide and a 
heterologous polypeptide 
Herrera-Estrella, Luis, Gent, Belgium 
Van Den Broeck, Guido, Gent, Belgium 
Van Montagu, Marc, Brussel, Belgium 

Schreier, Peter, Cologne, Germany, Federal Republic of 
Schell, Jeff, Cologne, Germany, Federal Republic of 
Bohnert, Hans J., Tucson, AZ, United States 
Cashmore, Anthony R., Woodside, NY, United States 
Timko, Michael P., New York, NY, United States 
Kausch, Albert P., Durham, NH, United States 
Plant Genetic Systems, N.V., Brussels, Belgium 
(non-U. S. corporation) 

Bayer A.G., Leverkusen, Germany, Federal Republic of 



PATENT INFORMATION: 
APPLICATION INFO. : 
RELATED APPLN. INFO. 

Ser . 



Ser . 

abandoned 



(non-U. S. corporation) 

Dumber kind date 

US 5728925 19980317 

US 1995-430257 19950428 (8) 

Continuation of Ser. No. US 1994-267306, filed on 29 

Jun 1994, now abandoned which is a continuation of 

No. US 1993-26213, filed on 1 Mar 1993, now abandoned 
which is a continuation of Ser. No. US 1991-794635, 
filed on 18 Nov 1991, now abandoned which is a 
continuation of Ser. No. US 1990-480343, filed on 14 
Feb 1990, now abandoned which is a continuation of 

No. US 1985-755173, filed on 15 Jul 1985, now 



NUMBER 



DATE 



PRIORITY INFORMATION: 



Kolasch & Birch, LLP 



16 Drawing Page(s) 



GB 1984-32757 19841228 
GB 1985-336 19850107 
Utility 
Granted 
Fox, David T. 
Birch, Stewart, 
43 
1 

18 Drawing Figure (s) 
2068 

INDEXING IS AVAILABLE FOR THIS PATENT. 

Chimaeric DNA sequence which encodes: 1) a transit peptide of a 
cytoplasmic precursor of a chloroplast protein or polypeptide of a 
plant and 2) a protein or polypeptide that is heterologous to 

the transit peptide. The chimaeric DNA sequence can be used as a vector 
for transforming a plant cell so that a chimaeric precursor of 
the heterologous protein or polypeptide is produced in the cytoplasm of 
the cell and the chimaeric precursor then transports the heterologous 
protein or polypeptide in vivo into a chloroplast of the cell. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AB 
of 

(a) 

into 



The present invention relates to methods for modifying the production 
a polypeptide, comprising: (a) introducing a nucleic acid construct 



the 



cell 



a cell, wherein the cell comprises a DNA sequence encoding a 
polypeptide, under conditions in which the nucleic acid construct 
integrates into the genome of the cell at a locus not within the DNA 
sequence encoding the polypeptide to produce a mutant cell, wherein the 
integration of the nucleic acid construct modifies the production of 

polypeptide by the mutant cell relative to the cell when the mutant 

and (b) 



and the cell are cultured under the same conditions; 
identifying 

the mutant cell with the modified production of the polypeptide 
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INDEXING IS AVAILABLE FOR THIS PATENT. 

A novel pathway for the synthesis of polyhydroxyalkanoates is provided. 



A method of synthesizing a recombinant polyhydroxyalkanoate monomer 
synthase is also provided. These recombinant polyhydroxyalkanoate 
synthases are derived from multifunctional fatty acid synthases or 
polyketide synthases and generate hydroxyacyl acids capable of 
polymerization by a polyhydroxyalkanoate synthase. Also provided is 
biosynthetic gene cluster for methymycin and pikomycin as well as a 
biosynthetic gene cluster for desosamine. 
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Recombinant materials for the production of tomato ACC synthase are 



disclosed. 
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AB ACC synthases of higher plants are coded by multigene families; only 

certain members of these families are responsible for various 
plant development characteristics effected by ethylene. Control 

of the processes in plants which are mediated by ACC synthase, such as 
fruit ripening, can be effected by controlling expression of the 
relevant ACC synthase gene. In addition, comparison of the amino acid 
and nucleotide sequence of the ACC synthases from cucumber and tomato 
provides consensus sequences that permit the design of PCR primers that 
permit the isolation of ACC synthases from a variety of higher plants. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention is directed to a synthetic hybrid 

promoter composed of polynucleotide segments derived from the E8 
and E4 gene promoters. The hybrid promoter is 

capable of providing high-level expression of heterologous genes, 
particularly in transformed fruit. DNA constructs containing the E8-E4 
hybrid promoter operably linked to an exemplary 

heterologous SAMase gene are effective in conferring a delayed ripening 
phenotype to transformed fruit. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB Polynucleotide and polypeptide sequences encoding a novel tumor 

suppressor, HIC-1, are provided. Also included is a method for 
detecting 

a cell proliferative disorder associated with HIC-1. 
which can be used diagnostically, prognostically and therapeutically 
over the course of such disorders. 



HIC-1 is a marker 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The invention provides a human nucleic acid methylases (HNAM) and 

polynucleotides which identify and encode HNAM. The invention also 
provides expression vectors, host cells, antibodies, agonists, and 
antagonists. The invention also provides methods for diagnosing, 
treating or preventing disorders associated with expression of HNAM. 
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AB The invention provides three human transferases (HUTRAN) and 

polynucleotides which identify and encode HUTRAN. The invention also 
provides expression vectors, host cells, antibodies, agonists, and 
antagonists. The invention also provides methods for diagnosing, 
treating or preventing disorders associated with expression of HUTRAN. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention relates to methods for modifying the production 

of 

a polypeptide, comprising: (a) introducing a nucleic acid construct 

into 

a cell, wherein the cell comprises a DNA sequence encoding a 
polypeptide, under conditions in which the nucleic acid construct 
integrates into the genome of the cell at a locus not within the DNA 
sequence encoding the polypeptide to produce a mutant cell, wherein the 
integration of the nucleic acid construct modifies the production of 
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polypeptide by the mutant cell relative to the cell when the mutant 



the 
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and the cell are cultured under the same conditions; and (b) 
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the mutant cell with the modified production of the polypeptide. 



CAS INDEXING IS AVAILABLE FOR THIS PATENT. 



L7 ANSWER 10 OF 22 US PAT FULL 

ACCESSION NUMBER: 1999:110534 US PAT FULL 

TITLE: Nucleic acid molecules encoding cytochrome P450-type 



INVENTOR (S) 



PATENT ASSIGNEE (S) : 



proteins involved in the brassinosteroid synthesis in 

plajA ^fc 

KonJU Csaba, Koln, Germany, Federal^Ppublic of 

Mathur, Jaideep, Koln, Germany, Federal Republic of 
Szekeres, Miklos, Szeged, Germany, Federal Republic of 
Altmann, Thomas, Berlin, Germany, Federal Republic of 
Max-Planck-Gesellschaf t zur Forderung der 
Wissenschaf ten e.V., Berlin, Germany, Federal Republic 
of (non-U. S. corporation) 



NUMBER 



KIND 



DATE 



US 5952545 19990914 
US 1996-622166 19960327 (8) 

Utility 
Granted 

Smith, Lynette F. 
Haas, Thomas 

Birch, Stewart, Kolasch & Birch, LLP 
22 

1, 10, 11 

25 Drawing Figure (s) ; 12 Drawing Page(s) 
1865 

INDEXING IS AVAILABLE FOR THIS PATENT . 

The invention describes nucleic acid molecules encoding cytochrome 
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transgenic plant cells and plants containing such nucleic acid 
molecules as well as processes for the identification of other proteins 
involved in brassinosteroid synthesis and processes for the 
identification of substances acting as brassinosteroids or as 
brassinosteroid inhibitors in plants. 
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INDEXING IS AVAILABLE FOR THIS PATENT. 

Polynucleotide and polypeptide sequences encoding a novel tumor 
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suppressor, HIC-1 , are provided. Also included is a method for 
detecting a cell proliferative disorder associated with HIC-1. HIC-1 is 
a marker which can be used diagnostically, prognostically and 
therapeutically over the course of such disorders. 
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The invention provides a human S-adenosyl-L-methionine 
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methyltransf erase (SAM-MT) and polynucleotides which identify and 

SAM-MT. The invention also provides expression vectors, host cells, 
agonists, antibodies and antagonists. The invention also provides 
methods for treating disorders associated with expression of SAM-MT. 
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INDEXING IS AVAILABLE FOR THIS PATENT. 

The invention provides a human S-adenosyl- 5-homocysteine 



The 



hydrolase (SAHH) and polynucleotides which identify and encode SAHH. 

invention also provides expression vectors, host cells, agonists, 
antibodies and antagonists. The invention also provides methods for 
treating disorders associated with expression of SAHH. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB Polynucleotide and polypeptide sequences encoding a novel tumor 

suppressor, HIC-1, are provided. Also included is a method for 
detecting 

a cell proliferative disorder associated with HIC-1. HIC-1 is a marker 
which can be used diagnostically, prognostically and therapeutically 
over the course of such disorders. 
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suppressor, HIC-1, are provided. Also included is a method for 
detecting 

a cell proliferative disorder associated, with HIC-1. HIC-1 is a marker 
which can be used diagnostically, prognostically and therapeutically 
over the course of such disorders. 
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ACC synthases of higher plants are coded by multigene families; only 



In 



that 



certain members of these families are responsible for various 
plant development characteristics effected by ethylene. Control 

of the processes in plants which are mediated by ACC synthase can be 
effected by controlling expression of the relevant ACC synthase gene. 

addition, comparison of the amino acid and nucleotide sequence of the 
ACC synthases from cucumber and tomato provides consensus sequences 



permit the design of PGR primers chat permit the isolation of 
synthases from a variety of higher plants. 



ACC 
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In Arabidopsis the promoter of the gene encoding S-adenosyl-L- 
methionine synthetase (SAM-S) Psam-1 confers expression 
preferentially in the vascular tissue. In search for promoters that 



CORPORATE SOURCE: 

SOURCE : 

PUBLISHER: 
DOCUMENT TYPE: 
LANGUAGE : 
AB 



have 



expression in particular cells of the lignifying tissues in trees, we 

analyzed the expression pattern conferred by the Psam-1 promoter in 
transgenic poplar. Histochem. analyses demonstrated . beta . -glucuronidase 



(GUS) activity mainly in phloem and cortex tissue throughout the 
plant, and in root tin^ Fluorimetric assays showed h^di GUS 
activity in the tissu]^Boutside (phloem, cortex and co^B compared to 
those inside (xylem ana pith) of the cambial layer. In contrast, the 
endogenous SAM-S activity was high in tissues inside and low in tissues 
outside of the cambial layer. RNA gel blot anal, demonstrated a high 
transcript level of the endogenous sam-s gene(s) in tissues both outside 
and inside the cambial layer. This indicates that the low SAM-S activity 
in the bark was at least partially due to translational and/or 
pos-translational regulation of the endogenous sam-s gene(s). In dormant 
transgenics, the tissue specificity was conserved, but the activity 
levels 

were up to 10-fold reduced. 
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infection in animals is disclosed. These polypeptides are also capable 
of inducing an immune response in swine which were previously not 
exposed to Mycoplasma. Recombinant DNA methods for the production of 
these polypeptides and certain phage vectors and DNA sequences useful 

these methods are also disclosed. Methods of vaccinating animals 
utilizing a vaccination composition which includes these polypeptides 

also disclosed. 
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from 



technology, Biologically active native minactivin, peptides derived 
minactivin, and their amino acid sequences can also be purified. 
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Minactivin (also known as Plasminogen Activator Inhibitor-2 [PAI-2]), 
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crucial 



protein inactivator of urokinase-type plasminogen activator, has been 
shown to be a natural inactivator of this plasminogen activator which 

associated with invasive tumors, and is therefore indicated as a 

L 

element in the body's normal defense against tumor invasion and 
metastasis. It may be produced by the cultivation of 

minactivin-producing cells in vitro, and recovery of the cell culture 
supernatant. By controlling the culture conditions, the protein 
minactivin may be produced in a partially purified form which may be 
used for diagnosis and treatment of tumors. The specification discloses 
purification of biologically active native minactivin, as well as 
peptides derived from minactivin and their amino acid sequences. The 
specification also discloses methods for production of PAI-2 by 
recombinant DNA technology, characterization of a PAI-2 gene sequence, 
and expression and purification of large quantities of biologically 
active PAI-2 from a recombinant host. 
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vectors containing the genes, transformed plant cells and 
differentiated transformed plants containing the plant genes 
are disclosed. The glyphosate-tolerant EPSP synthases are prepared by 



substituting an alanine residue for a glycine residue in a first 
conserved sequence f^ind between positions 80 and 12Q, 
aspartic acid resid^^sr asparagine residue for a 
second conserved sequence found between positions 12Cf 
mature wild type EPSP synthase. 
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and either an 
e residue in 
and 160 in the 
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DNA sequences that encode Interleukin-1 inhibitors and recombinant-DNA 



The 



methods for the production of interleukin-1 inhibitors are provided. 
DNA sequences encode proteins having interleukin-1 inhibitors activity 
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TI Synthetic hybrid tomato E4/E8 plant promoter 

AB The present invention is directed to a synthetic hybrid 

promoter composed of polynucleotide segments derived from the E8 
and E4 gene promoters. The hybrid promoter is 

capable of providing high-level expression of heterologous genes, 
particularly in transformed fruit. DNA constructs containing the E8-E4 

hybrid promoter ope r ably linked to an exemplary 

heterologous SAMase gene are effective in conferring a delayed ripening 
phenotype to transformed fruit. 
SUMM The present invention relates to a synthetic E8-E4 hybrid 

promoter composed of polynucleotide segments derived from the 

tomato E8 and tomato E4 genes, and to DNA constructs, chimeric genes, 
vectors, kits, and transformation methods employing the promoter 

SUMM Adams, D. O. , and Yang, S. F . , Plant Physiology 70:117-123 
(1977) . 

SUMM Becker, D., et al . , Plant Mol . Biol. 20:1195-1197 (1992). 
SUMM Cordes, S., et al . , The Plant Cell 1:1025-1034 (1989). 
SUMM Coupe, S. A. and Deikman, J., The Plant Journal 

11(6) : 1207-1218 (1997) . 
SUMM Deikman, J., et al . , Plant Physiol. 100 ( 4 ): 2013-2017 (1992). 
SUMM Fang, G. , and Grumet, R., Plant Cell Rep. 9:160-164 (1990). 
SUMM Good, X., et al . , Plant Mol . Biol. 26:781-790 (1994). 
SUMM Jefferson, R. A., Plant Mol . Biol. Rep. 5:387 (1987b). 
SUMM Jefferson, R. A., Plant Mol . Biol. Rep. 5:387 (1987b). 
SUMM Klee, H. J., et al . , Plant Cell 3:1187-1193 (1991). 
SUMM Knessl, M. L. and Deikman, J., Plant Physiology 112:537-547 

(1996) . 

SUMM Kramer, M. G. , et al . , in BIOLOGY & BIOTECHNOLOGY OF THE PLANT 

HORMONE ETHYLENE Kluwer Academic Publishers, The Netherlands (1996). 

SUMM Lin, E., et al . , Plant Mol . Biol. 23:489-499 (1993). 

SUMM Melchers, L. S., et al., Plant J. 5:469-480 (1994). 

SUMM Miki, B. L. A., et al . , PLANT DNA INFECTIOUS AGENTS (Hohn, T., 

et al., Eds.) Springer-Verlag, Vienna, Austria, pp. 249-265 (1987). 

SUMM Montgomery, J., et al . , Plant Cell 5:1049-1062 (1993). 

SUMM Ni, M., et al . , Plant J. 7:661-676 (1995). 

SUMM Odell, J. T., et al . , Plant Mol Biol 10 ( 3 ): 263-272 (1988). 
SUMM Penarrubia, L., et al . , Plant Cell 4:681-687 (1992). 
SUMM Picton, S., et al . , Plant Physiology 103 ( 4 ): 1471-1472 (1993). 
SUMM Ponstein, A. S., et al . , Plant Physiol. 104:109-118 (1994). 
SUMM Toubart, P., et al . , Plant J. 3:367-373 (1992). 
SUMM Valles, M. P. and Lasa, J. M. , Plant Cell Rep. 13:145-148 
(1994) . 

SUMM Van Haaren, M. J. J., et al . , Plant Mol. Bio. 21:625-640 
(1993) . 

SUMM Woloshuk, C. P., et al . , J. Plant Cell 3:619-628 (1991). 
SUMM Xu, R., et al . , Plant Mol . Biol. 31:1117-1127 (1996). 
SUMM Zhu, Q. , et al., Plant Cell 7:1681-1689 (1995). 

SUMM Promoters that regulate gene expression in plants are essential 
elements 

of plant genetic engineering. Several examples of promoters 

useful for the expression of selected genes in plants are now available 

(Zhu, et. 

SUMM . . . plants has typically involved the use of constitutive 



promoters, i.e., promoters which drive the expression of a product 
throughout the plant^At all times and in most tissues^ 
SUMM Plant promoters (prAters derived from plant 

sources) effective t^r provide constitutive expressiori^are less well 
known, and include hsp80, Heat Shock Protein 80 from cauliflower, 
(Brunke. . . et al . , 1993). These promoters can be used to direct 

the 

constitutive expression of heterologous nucleic acid sequences in 
transformed plant tissues. 
SUMM . . . the present invention include a region of DNA that regulates 
transcription of the immediately adjacent (downstream) gene to a 
specific plant tissue. According to methods of the present 
invention, heterologous genes are linked to the promoters of the 

present 

invention. Exemplary. 

SUMM At present, a relatively small number of plant promoters, 
particularly constitutive plant promoters, have been 
identified. The use of such promoters in plant genetic 
engineering has been rather limited to date, since gene expression in 
plants is, for the most part, typically tissue, . 

SUMM A need exists for tissue and developmental stage specific promoters 

that 

are functional in plant cells, and which are capable of 
providing high level expression of heterologous genes. 
SUMM The present invention is directed to a synthetic promoter 

composed of a combination of cis-acting elements derived from the 
transcriptional regulatory sequences of the E8 and E4 genes, as 
exemplified by tomato. The synthetic hybrid promoter 

allows high-level, fruit specific expression of nucleic acid sequences 

placed under its control. 
SUMM . . . one aspect, the invention provides a DNA construct which 

contains a DNA coding sequence under the transcriptional control of a 
hybrid E8-E4 promoter. The DNA coding sequence is 

typically heterologous to the hybrid promoter and is 

operably linked to the promoter to enable expression of the 

product. Exemplary products include, but are not limited to 

S-adenosylmethionine hydrolase (SAMase) , 
amino-cyclopropane-l-carboxylic 

acid (ACC) . 

SUMM The E8-E4 hybrid promoter of the invention is 

composed of a polynucleotide segment derived from an E8 gene 

promoter which is fused to a polynucleotide segment derived from 
an E4 gene promoter positioned downstream of the E8 

promoter segment. The E8 promoter- derived 

polynucleotide segment includes at least 30 contiguous nucleotides 
selected from the region extending from nucleotide positions -2257 to 
-847 of the tomato E8 promoter which corresponds to 

approximately nucleotides 1 to 1411 of SEQ ID NO: 7, or the functional 
equivalent thereof. The polynucleotide segment derived from an E4 gene 
promoter includes at least 200 contiguous nucleotides selected 

from the region extending from nucleotide positions -1150 to +16 of the 
tomato E4 promoter which corresponds to approximately 
nucleotides 271 to 1437 of SEQ ID NO: 8, or the functional equivalent 
thereof. The particular combination of E8 and E4 polynucleotide 
segments 

produces a hybrid promoter which is effective to 

drive expression of a heterologous gene (e.g., a reporter gene) at a 
level of at least about 75-300% of the expression level obtained using 
either an unmodified E4 or E8 gene promoter. 
SUMM In one embodiment of the hybrid promoter, the 

nucleotide sequence of the E8 promoter segment corresponds to 
nucleotides -1529 to -847 of the tomato E8 promoter, or the 
functional equivalent thereof, which corresponds to approximately 
nucleotides 3 to 686 of SEQ ID NO: 6 and nucleotides 729 to 1411 of SEQ 
ID NO: 7. The hybrid promoter also contains an E4 
promoter segment corresponding to nucleotides -315 to +16 of the 



tomato E4 promoter, or the functional equivalent thereof, 

which corresponds t ©^approximately nucleotides 693 to^l023 of SEQ ID 6 

or nucleotides 1107^pi437 of SEQ ID NO:8, referred^p herein as the 

"short E8-E4 hybrid promoter". 
SUMM In another embodiment of the hybrid promoter, the 

nucleotide sequence of the E8 promoter segment corresponds to 
nucleotides -2257 to -1103 of the tomato E8 promoter, or the 
functional equivalent thereof, which corresponds to approximately 
nucleotides 1 to 1160 of SEQ ID NO:l and nucleotides 1 to 1156 of SEQ 

ID 

NO: 7. The hybrid promoter also contains an E4 
promoter segment corresponding to nucleotides -1150 to +16 of 
the tomato E4 promoter, or the functional equivalent thereof, 
which corresponds to approximately nucleotides 1157 to 2323 of SEQ ID 1 
or nucleotides 271 to 1437 of SEQ ID NO: 8, designated herein as the 
"long E8-E4 promoter". 

SUMM In one respect, the E8-E4 hybrid promoter of the 

present invention can be used to reduce ethylene production in 
transformed fruit cells, to thereby alter the ripening. 

SUMM The present invention also includes the use of any of the above 

chimeric 

gene constructs to generate a plant transformation vector. 
Such vectors can be used in any plant cell transformation 
method, including Agrobacterium-based methods, electroporation, 
microinjection, and microproj ectile bombardment. These vectors may form 
part of a plant transformation kit. Other components of the 
kit may include, but are not limited to, reagents useful for 
plant cell transformation . 

SUMM In another embodiment, the invention includes a plant cell, 
plant tissue, transgenic plant, fruit cell, whole 

fruit, seeds or calli containing any of the above-described chimeric 
genes and the corresponding expressed gene products.. 

SUMM . . . present invention, the hybrid promoters described herein are 
employed in a method for delaying ripening of fruit from a 

fruit-bearing 

plant. In this method, a transgenic plant containing 

the chimeric gene of the present invention is grown to produce a 
transgenic plant bearing fruit. In one particular embodiment, 
the chimeric gene encodes a product capable of reducing ethylene 
biosynthesis when expressed in plant cells (e.g., S- 

adenosyl -methionine hydrolase, amino-cyclopropane-1- 

carboxylic acid (ACC) deaminase, ACC oxidase antisense molecule, ACC 
synthase antisense molecule, ACC oxidase cosuppression molecule, ACC 
synthase cosuppression. 
SUMM Further, the invention includes a method for producing a transgenic 

plant such as a fruit-bearing plant. In this method, 

the chimeric gene of the present invention, typically carried in an 
expression vector allowing selection in plant cells, is 
introduced into progenitor cells of selected plant. These 
progenitor cells are then grown to produce a transgenic plant 
bearing fruit. 

SUMM Yet another aspect of the invention is directed to a method for 
conferring enhanced expression activity to an E4 promoter. In 
the method, a polynucleotide segment of at least 30 contiguous 
nucleotides selected from the region extending from nucleotide 
positions. . . to 1411 of SEQ ID NO: 7, or the functional equivalent 
thereof, is fused in an upstream orientation to an E4 promoter 
polynucleotide segment of at least 200 contiguous nucleotides selected 
from the region extending from nucleotide positions -1150 to +16 of. 

which corresponds to approximately nucleotides 271 to 1437 of SEQ ID 
NO: 8, or a functional equivalent thereof, to form a hybrid 
E8-E4 promoter capable of regulating expression of a 
heterologous gene operably linked thereto. The hybrid 
promoter is effective to drive expression of the heterologous 
gene to a greater degree than the unmodified E4 promoter, and 
preferably 3t a level of at least about 75-300% of the expression level 



obtained by using an unm odified E4 gene promoter. The i 
hybrid promoter is als^Mthylene inducible and is 

capable of directing*^rruit- specif ic expression. 
DETD A "heterologous" DNA coding sequence is a structural coding sequence 

that is not native to the plant being transformed, or a coding 

sequence that has been engineered for improved characteristics of its 

protein product. Heterologous, with respect. 
DETD A "heterologous" DNA or gene sequence encodes a gene product not 

normally contiguous or associated with the promoter (e.g., an 

E8-E4 hybrid promoter adjacent DNA sequences 

encoding S-adenosylmethionine cleaving enzyme) . In the context of the 

present invention, a heterologous gene is any DNA. 
DETD "Constitutive promoter" is any promoter that directs RNA production in 

many or all tissues of a plant transformant at most times. 
DETD By "promoter" or "promoter segment" (e.g., a tomato 

E8 or E4 promoter segment) is meant a sequence of DNA that 

functions in a hybrid promoter disclosed herein to 

direct transcription of a downstream heterologous gene, and includes 

promoter or promoter segments derived by means of 

ligation with operator regions, random or controlled mutagenesis, 
addition or duplication of enhancer sequences, addition or modification 
with synthetic linkers, and the like, having promoter activity 
the functional equivalent of, the E8-E4 hybrid 

promoter described herein or pertinent regions thereof. 
DETD ' By "plant promoter" is meant a promoter or 

promoter region (as defined above), which in its native form, is 
derived from plant genomic DNA. The hybrid 

promoter of the present invention is a plant 

promoter . 

DETD "Promoter strength" refers to the level of promoter 

-regulated expression of a heterologous gene in a plant tissue 
or tissues, relative to a suitable standard (e.g., a hybrid 
E8-E4 promoter from a particular plant, e.g., 
tomato, versus either the tomato E8 gene or tomato E4 gene 
promoter alone) . Expression levels can be measured by linking 
the promoter to a suitable reporter gene such as GUS 
(. beta . -glucuronidase) , dihydrof olate reductase, or nptll (neomycin 
phosphotransferase II). Expression of the reporter. 

DETD For the purposes of the present invention, a high level E4/E8 
hybrid promoter is one that drives expression of a 

particular gene, such as a reporter gene, at about 75-300% of the 

levels 

obtained with either the non-hybrid E4 or E8 gene 
promoter derived form the same source. 
DETD As used herein, a "plant cell" refers to any cell derived from 

a plant, including undifferentiated tissue (e.g., callus) as 

well as plant seeds, pollen, progagules and embryos. 
DETD The present invention is directed to the applicants' discovery of a 
hybrid promoter prepared by a combination of regions 

derived from an E8 and an E4 promoter that is capable of 

directing high level expression of heterologous genes. 
DETD To summarize, the present invention is based upon the surprising 

discovery of a high-level hybrid E8-E4 promoter 

which (i) is capable of driving expression of a heterologous gene at 

significantly greater levels than either the unmodified E8. 

promoters alone, (ii) retains the fruit and ripening-specific function 

of the parent regulatory regions and (iii) is effective in the 
plant from which the E4 and E8 promoter sequences were 

derived (e.g., tomato), as well as in other plants (e.g., muskmelon, 

apple and pear) . 
DETD The parent promoters from which the hybrid promoter 

is derived were selected due to a number of features, and in 
particular, 

their ability to regulate expression of the. 
DETD The SAMase gene encodes the enzyme S-adenosyl- 
methionine hydrolase. The isolation, cloning and sequence of the 



SAMase gene is descried in U.S. Pat. No. 5,589,623, in 
International. *J^V° as AdoMet hydrolase (AdoMetaj^B, or by its 

other name, S-adenos^^riethionine cleaving enzyme (SAMase) (Studier, et 
al.). When expressed in plant cells, AdoMetase is effective to 
"short circuit" a branch of the biosynthetic pathway that produces 
ethylene, thereby reducing ethylene production. . % 

DETD The effects of ethylene on plants, whether produced by the plant 
itself or applied exogenously, are numerous and of considerable 
commercial importance. Among the diverse physiological effects are leaf 
abscission, fading. 

DETD Normally, ethylene production from plant tissue is low. Large 

quantities of ethylene, however, are produced during ripening and 
senescence processes, and are also produced following. . . tissues, 
exposure to only a small amount of ethylene may cause an avalanche of 
ethylene production in adjacent plants or plant tissues such 
as fresh produce. This autocatalytic effect can be very pronounced and 
lead to loss of fruit quality during. 

DETD Thus, in one aspect, the present invention provides a method to 

regulate 

plant cell expression of any gene in a tissue or development 

stage-specific manner, in particular, genes whose products reduce 
ethylene synthesis in plant cells, using a hybrid 
promoter of the type described herein. 
DETD Returning now to the tomato E8 and E4 genes from which segments of the 
exemplary hybrid promoter are derived, the intact 
parent promoters, the tomato E8 and the tomato E4 promoter, 
are ethylene inducible (Deikman, et al., 1992; Xu, et al . , 1996). 
DETD E4 and E8 promoters may be used to isolate functionally 

equivalent promoters from other plants. For example, the raspberry E4 
promoter may be obtained from a raspberry homologue of the 

tomato E4 gene. Accordingly, the tomato E4 and E8 promoters can be used 
to isolate functionally equivalent promoters or partial sequences 
thereof from additional other types of plants, and those 
promoter sequences used to make hybrid E4/E8 
promoters. 

DETD III. Construction of a Hybrid E8-E4 Promoter 

DETD The E8-E4 hybrid promoter contains a combination of 

nucleotide segments as exemplitied by those derived from the tomato E8 
and E4 genes. These segments, when combined in a 5'-to-3' fashion, are 
capable of providing a promoter having certain features, as 
will be described below. 

DETD The component polynucleotide segments of the hybrid 

promoter were determined on the basis of experiments conducted 
in support of the invention, as described in Examples 1-7. 

DETD The E8-E4 hybrid promoter is composed of a 

polynucleotide segment derived from an E8 gene promoter which 
is fused to a polynucleotide segment derived from an E4 gene 
promoter positioned downstream of the E8 promoter 

segment. The E8 promoter-derived polynucleotide segment 

preferably includes at least 30 contiguous nucleotides selected from 

the 

region extending from nucleotide positions -2257 to -847 of the tomato 
E8 promoter which corresponds to approximately nucleotides 1 
to 1411 of SEQ ID NO: 7, or the functional equivalent thereof. The E8 
promoter sequence of SEQ ID NO: 7 consists of the E8 
promoter described by Deikman and Fischer, 1988 and Deikman, et 

al., 1992, extended on the 5 1 end, as described in Example 1. The 
polynucleotide segment derived from a E4 gene promoter 
preferably includes at least 200 contiguous nucleotides selected from 
the region extending from nucleotide positions -1150 to +16 of the. 

DETD The construction of exemplary vectors containing the hybrid 

promoter is typically carried out as described in Examples 1-6. 
The sequence of the tomato E8 promoter for use in the present 
invention is provided in SEQ ID NO: 7, and the DNA sequence of regions 
relevant to. . . FIGS. 2A and 2B (SEQ ID NO:l) and FIG. 10 (SEQ ID 



N0:6), respectively. The sequence of the tomato E4 prgmoter 
has also been publis.|M (Cordes, et al . , 1989), and tl^BDNA sequences 
corresponding to segiT^nts pertinent to the invention a^^. 
DETD Polynucleotide segments used to construct the hybrid 

promoter can be obtained by PCR amplification of tomato genomic 

DNA, using primers designed on the basis of the information presented. 

DETD The polynucleotide segments which make up the hybrid 

promoter were determined on the basis of expression results for 
transgenes driven by two representative hybrid promoters (FIG. 
11), the long E8-E4 hybrid promoter (SEQ ID N0:1) 
and the short E8-E4 hybrid promoter (SEQ ID NO: 6). 
Both versions of the hybrid promoter were highly 

effective in driving expression of an exemplary transgene coding for 
SAMase, as indicated by Western blot results shown in FIGS. 6 and 7 , 
which depict the results of studies on expression of SAMase driven by 

hybrid E4/E8 promoters derived from tomato in musk melon. The 

hybrid promoters were significantly more active in driving 
expression than either the tomato E8 or tomato E4 promoter. 
DETD The exemplary long E8/E4 hybrid promoter contains an 

E8 polynucleotide segment corresponding to nucleotides from about -2257 
to -1103 of a tomato E8 promoter, while the short E8/E4 

hybrid promoter contains an E8 polynucleotide segment 

corresponding to nucleotides from about -1529 to -847 of the E8 

promoter. In expression experiments carried out in support of 
the invention, the short E8 promoter segment was generally 
found to function as effectively as the long E8 promoter 
segment to enhance overall activity of the hybrid 

promoter. This was surprising in view of previous reports 
indicating that DNA sequences necessary for both ethylene 
responsiveness 

and overall mRNA levels reside in the E8 promoter region 

encompassed by the longer E8/E4 hybrid promoter and 

not the shorter version (Deikman, et al . , 1992). 
DETD The E8 polynucleotide region encompassed by both versions of the 
hybrid promoter spans positions from about -2257 to 

-847 of the tomato E8 promter. On the basis of these results, 
hybrid promoters of the invention will contain an E8 
promoter-derived polynucleotide segment which preferably 

includes at least 30 contiguous nucleotides selected from this region. 

In one particular embodiment of the. 
DETD The suitability of a particular E8 segment for use in constructs 

employing the hybrid promoter can be evaluated in 

expression experiments employing a heterologous reporter gene. A 
particular E8 segment selected according to the above guidelines is 
ligated to a downstream E4 promoter segment using the methods 
described herein. Expression levels of a suitable reporter gene driven 
by the resulting hybrid E8/E4 promoter are then 

compared to expression levels for the same gene regulated by the 
corresponding E8 or E4 promoter alone. 
DETD An E8 polynucleotide segment suitable for forming a hybrid 
promoter is one which, when combined with an E4 promoter 

polynucleotide segment corresponding to those described herein and 
placed in a hybrid promoter, drives expression of a 

reporter gene at a level of at least about 75-300% of the expression 

level obtained using either an unmodified E4 or E8 gene promoter 

operably linked to said reporter. 
DETD Turning now to the E4 polynucleotide segment of the hybrid 
promoter, an examination of the long E8/E4 hybrid 
promoter reveals an E4 polynucleotide segment corresponding 

essentially to the full-length E4 promoter, while the short 

E8/E4 hybrid promoter contains an E4 segment 

spanning from nucleotide positions -315 to +16 of the E4 
promoter. As discussed above, both illustrative versions of the 
hybrid E8/E4 promoter were effective in directing 

expression of a heterologous gene (e.g., Examples 5 and 6). The high 



activity of the shor^^8/E4 hybrid was surprising, si?yg 
studies on the E4 pr|^ftter alone indicate that both u]^Bream 
and downstream elemenxs are required for ethylene-responsive 
transcription (Xu, et al., 1996). 

DETD The E4 polynucleotide region encompassed by both .versions of the 
hybrid promoter spans nucleotide positions from about 

-1150 to +16 of the tomato E4 promter. On the basis of these results, 
hybrid promoters of the invention will contain an E4 
promoter- derived polynucleotide segment which preferably 

includes at least 200 contiguous nucleotides selected from this region. 
In one particular embodiment of the. 

DETD E8 component. Moreover, it will be appreciated that the 

above-described segments refer to functional equivalents thereof, and 
encompass promoters or promoter segments derived by means of 
ligation with operator regions, random or controlled mutagenesis, 
addition or duplication of enhancer sequences, addition or modification 
with synthetic linkers, and the like, having promoter activity 
similar to the E8-E4 hybrid promoter described 
herein or pertinent regions thereof. 

DETD IV. Chimeric Genes, Vector Construction and Plant 
Transformation 

DETD The E8/E4 hybrid promoter of the invention can be 

used to regulate expression of heterologous genes. 
DETD In support of the present invention, two exemplary chimeric genes 

containing an E8/E4 hybrid promoter sequence 

operably linked to a heterologous DNA sequence, were constructed, long 
E8/E4 :SAMase (pAG-7162) and short E8/E4:SAMase (Examples 1 and 3).. 

predicted to function more efficiently if expressed (i) in high 
levels and (ii) in a tissue specific manner. Accordingly, the 
hybrid promoter described herein represents an ideal 
promoter to satisfy this objective, and can be used to express 
any heterologous gene fitting the above-description. 
DETD A. Plant Transformation Vectors 

DETD Plant transformation vectors, containing an E8/E4 

hybrid promoter/ transcription-regulatory sequence, are 

constructed according to methods known in the art (see, for example, 

Houck and Pear, 1990, and Becker, et . 
DETD In one embodiment, the chimeric genes of the present invention have two 

components: (i) a hybrid E8/E4 promoter and (ii) a 

heterologous DNA coding sequence. 
DETD . . . DNA coding sequences of interest. The transcription of such 

inserted DNA is then under the control of a suitable E8/E4 
hybrid promoter (e.g., corresponding to SEQ ID NOs:l, 

6) . 

DETD Further, the vectors of the present invention may include selectable 
markers for use in plant cells (such as the nptll kanamycin 
resistance gene) . The vectors may also include sequences that allow 
their selection and propagation. 

DETD The vectors of the present invention may also be modified to 
intermediate plant transformation plasmids that contain a 
region of homology to an Agrobacterium tumefaciens vector, a T-DNA 
border region from Agrobacterium tumefaciens, and chimeric genes or 
expression cassettes. Further, the vectors of the invention may 

comprise 

a disarmed plant tumor inducing plasmid of Agrobacterium 
tumefaciens. Other suitable vectors may be constructed using the 
promoters of the present invention and standard plant 
transformation vectors, which are available both commercially 
(Clontech, 

Palo Alto, Calif.) and from academic sources (Waksman Institute, 
Rutgers, The State. 
DETD The vectors of the present invention are useful for tissue and/or 
stage-specific expression of nucleic acid coding sequences in 
plant cells. For example, a selected peptide or polypeptide 

coding sequence can be inserted in an expression cassette of a vector. 



DETD Further, the inventioj^includes a method for producin|^ transgenic 
fruit-bearing plant, Bere fruit produced by the plan^B 

has a modified phenotype . In this method a chimeric gene is introduced 
(e.g., by transformation) into progenitor cells of the plant. 
An exemplary chimeric gene is composed of (i) a DNA sequence encoding a 
gene product effective to modify a phenotypic characteristic of the 

plant, e.g., to reduce ethylene biosynthesis in fruit produced 
by the plant, operably linked to (ii) a promoter whose 
expression is inducible, e.g., during fruit ripening, by a plant 
cytokine, or by ethylene synthesis by the fruit. As above, the DNA 
sequence is heterologous to the promoter and the chimeric gene contains 
the appropriate regulatory elements necessary for expression in a 

plant. Transformed progenitor are grown cells to produce a 
transgenic plant bearing fruit. The method further includes 
transforming progenitor cells of the plant with a selectable 
vector containing the chimeric gene. The DNA sequences and promoters 

may 

be as described above. 
DETD .. . . vectors, chimeric genes and DNA constructs of the present 

invention can be sold individually or in kits for use in plant 

cell transformation and the subsequent generation of transgenic plants. 
DETD . . . homologue of the tomato E4 or E8 gene. To detect the presence 

of an E4 or E8 gene in various plant species, e.g., 

strawberry, melon, carnation, cauliflower or raspberry, a southern blot 

experiment is carried out. 
DETD E4 or E8 homologues are identified in a Southern blot of the genomic 
DNA 

of a plant of interest, probed with a labeled DNA fragment 
containing the coding sequence of, e.g., the tomato E4 or E8 gene. 

DETD . . . (iii) contacting the probe molecules with a plurality of 

target 

DNA molecules derived from the genome of a selected fruit-bearing 
plant under conditions favoring specific hybridization between 

the probe molecule and a target molecule homologous to the probe 
molecule . 

DETD . . . concentration, and are expected to preserve only specific 

hybridization interactions, allowing the identification and isolation 

of 

homologous genes in different plant species. 
DETD . . . may be isolated from the respective species, by screening a 
genomic DNA library, e.g., a library derived from a fruit-bearing 
plant . 

DETD . . . ability to provide high level tissue and/or stage specific 
gene 

expression in transgenic plants, where expression is regulated by a 
hybrid E8/E4 hybrid promoter. The E8/E4 
hybrid promoter of the present invention includes a 

region or regions of DNA that regulates transcription of the 
immediately 

adjacent (downstream) gene to a specific plant tissue. 

According to methods of the present invention, heterologous genes are 

linked to the promoters of the present invention. 
DETD Other genes of interest that could be used in conjunction with the 
hybrid E8/E4 promoter include, but are not limited to 

other ripening modification genes in addition to AdoMetase. 

Representative examples of such genes include. 
DETD . . . polygalacturonase inhibiting protein, PGIP, from Phaseolus 

vulgaris (Toubart, et al . , 1992). Also contemplated are the use of 

modified forms of plant glucanase, chitinase and other 

pathogenesis related (PR) genes (Melchers, et al., 1993, 1994; 
Ponstein, 

et al., 1994; Woloshuk, et al . , . . . DNA constructs of the present 
invention. The expression of these products would be improved when used 
with a high-level, fruit-specific promoter such as the 
hybrid promoter of the present invention. 
DETD . . . for example, arabidopsis lycopene cyclase; GENBANK) , (iii) 



enzymes or other cata^^tic products such as ribozymes^^r catalytic 
antibodies that modij^ftplant cell processes, (iv) eth^Bne 
production, such as antisense molecules, enzymes that degrade 
precursors 

of ethylene biosynthesis, catalytic products or cosuppression 
molecules, 

(v) fungal control, e.g., alternative fungal control genes, (vi) 
production or levels of plant hormones, (vii) the cell cycle 
or cell division, and (viii) sucrose accumulation, such as the sucrose 
phosphate synthase gene (GENBANK) . 

DETD A number of methods, in addition to Agrobacterium-based methods, may be 
employed to elicit transformation of plant progenitor cells, 
such as electroporation, microinjection, and micropro j ectile 
bombardment. These methods are well known in the art (Comai and 

Coning, . 

. et al., 1988; Miki, et al . 1987; Bellini, et al . , 1989) and 
provide the means to introduce selected DNA into plant 

genomes. Such DNA may include a DNA cassette which consists of a E8/E4 
hybrid promoter functionally adjacent to heterologous 

sequences encoding a desired product, for example, AdoMetase coding 
sequences . 

DETD E. Expression in Heterologous Plant Systems 

DETD In looking now at experiments carried out in support of the invention, 
an evaluation of different promoters was conducted. Illustrative 
plant transformation experiments were carried out in muskmelon 

(Cucumis melo) , using SAMase as the exemplary heterologous gene. 

DETD . . . using Agrobacterium-mediated transformation and binary vectors 
containing a series of fruit and ripening-specific promoters from 

tomato 

(Table 2) . Exemplary synthetic hybrid promoters containing 
different fruit-specific and ethylene-responsive promoter 
domains were prepared (i.e., the long and short E8/E4 hybrid 
promoters) to determine their ability to enhance fruit and ripening 
specific gene expression. 

DETD . . . (-) designation represent negative controls. In looking now at 
the results presented in FIG. 8, the pAG-7162-derived event (long E8/E4 
hybrid promoter) is clearly reduced in its ability to 

produce ethylene during ripening, to an extent significantly greater 
than that of either of the E4 or E8-promoter driven events. 
Reduced ethylene synthesis and delayed ripening correlated with SAMase 
gene expression levels determined by Western blotting. 

DETD The long E8/E4 hybrid promoter-driven events 

demonstrate reduced ethylene biosynthesis, when compared to both the 

negative controls and to the other non-hybrid promoter 

-driven events. This is an indication of the greater expression 

activity 

of the hybrid promoter of the invention when 
compared to various non-hybrid promoters derived from 
different types of plant genes. 
DETD As demonstrated herein, the E4/E8 hybrid promoter 

sequences may be isolated from a type of plant other than the 
plant to be transformed. This is exemplified by the activity of 
an E4/E8 hybrid promoter composed of tomato-derived 

sequences which is effective to express a heterologous gene, e.g., the 
SAMase gene in muskmelon. Alternatively, the E4/E8 hybrid 
promoter sequences may be isolated from the same type of 
plant as that which is transformed by a vector which contains an 
E4/E8 hybrid promoter and a heterologous coding 
sequence, e.g. the SAMase gene. For example, a raspberry E4/E8 
hybrid promoter may be ope r ably linked to a 

heterologous gene, such as the SAMase gene, and used to transform 
raspberries . 

DETD Long E8/E4 Hybrid Promoter (2.8 kb) and Preparation 

of Intermediate Vector pAG-1762 
DETD To obtain a portion of the tomato E8 promoter for use in 

preparing a hybrid promoter, a plasmid containing 



the 2.0 kb tomato E8^^omoter, pAG-1742, was digestecgj^th 

Xbal and BamHI using^ftandard molecular biology proto^Ps (Sambrook, et 

al., 1989). The sequence of the. 

DETD . . . used as a source of the Hindi I I fragment that is the 
approximately -2257 to -1103 bp upstream region of the hybrid 
E8/E4 promoter of the present invention, corresponding to 
nucleotides 1-1155 of SEQ ID NO: 7. This fragment was inserted 5 1 of the 
approximately 1122 bp E8 promoter in pAG-5321 at the Hindlll 
and Xbal sites (FIG. 4) . 

DETD To isolate a full-length E4 promoter for use in constructing a 
hybrid promoter, a 10.6 kb fragment containing the 

tomato E4 promoter was excised from a second plasmid, 

pAG-1752, by treatment with Xbal and BamHI. The sequence of the tomato 
E4 promoter has been published (Cordes, et al . , 1989), and the 
DNA sequence of the minus 1150 to plus 16 base pair. 

DETD Preparation of Binary Vector, pAG-7162 Containing Long E8/E4 
Hybrid Promoter 

DETD Preparation of a Short E8/E4 Hybrid Promoter and an 
Intermediate Transfer Vector, pAG-126 

DETD . . . intermediate vector combining truncated polynucleotide 

segments 

derived from the tomato E4 and E8 gene promoters to form a short E8/E4 
hybrid promoter fused to the coding sequence for 
. SAMase, was prepared as follows. 
DETD The resulting short E8 . backslash . E4 promoter fragment was then 

purified and ligated into a suitable plasmid vector. The vector, which 
contained the SAMase gene, was digested with Hindlll and Ncol in order 
to orient the hybrid promoter immediately upstream 
of the SAMase gene, with both the promoter and gene positioned 
in the same 5' to 3 1 direction. 
DETD The resulting intermediate plasmid containing a short E8 . backslash . E 
hybrid promoter :: SAMase construct was designated 
pAG-126 and is presented in FIG. 4. 
DETD Preparation of a Binary Vector Containing a Short E8/E4 Hybrid 
Promoter 

DETD Plasmid pAG-126 was digested with Hindlll and Kpnl to produce a 1.5 kb 
fragment containing the E8/E4 hybrid promoter 

coupled to the SAMase gene. The excised fragment was gel purified. 
DETD The 1.5 kb short E8/E4 hybrid promoter :: SAMase 

fragment was then ligated to the binary vector to produce plasmid, 

pAG-7182, as shown in FIG. 5. 
DETD In looking now at the results presented in FIG. 8, the pAG-7 162-derived 

event (long E8/E4 hybrid promoter) is clearly 

reduced in its ability to produce ethylene during ripening, to an 

extent 

significantly greater than that of either of the E4 or E8- 
promoter driven events. The long E8/E4 hybrid 
promoter- driven events demonstrate reduced ethylene 

biosynthesis, when compared to both the negative controls and to the 
other non-hybrid promoter-driven events. 
DETD . . . FEATURE: 

<221> NAME/KEY: misc. sub. — feature 

<222> LOCATION: (1)...(2327) 

<223> OTHER INFORMATION: n = A, T,C or G 

<22 0> FEATURE: 

<221> NAME /KEY: promoter 

<222> LOCATION: (1)...(2327) 

<223> OTHER INFORMATION: synthetic DNA promoter se - #quence 

- - <400> SEQUENCE: 1 

- - aagctttaat tggttgagat tgaacgtaat tcaaattatt ctgagcccaa ac - 
#ccttaaaa 60 

- -. . . - <210> SEQ ID NO 6 
<211> LENGTH: 1028 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 



<221> NAME /KEY : promoter |^ 
<222> LOCATION: (1)...(10^^ 

<223> OTHER INFORMATION: synthetic DNA promoter se - #qence 
<22 0> FEATURE: 

<221> NAME /KEY : misc. sub. — feature 
<222> LOCATION: (1)...(1028) 
<223> OTHER INFORMATION: n = A, T, C or G 
SEQ ID NO 7 

<211> LENGTH: 2298 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: synthetic hybrid DNA sequ - (fence 
<220> FEATURE: 

<221> NAME/KEY: misc . sub . -- feature 
<222> LOCATION: (1) . . . (2298) 
<223> OTHER INFORMATION: n = A, T,C or. 
CLM What is claimed is: 

1. A chimeric gene comprising a tomato E4/E8 hybrid 
promoter comprising, in the 5 1 to 3* direction: a first 

nucleotide segment consisting of nucleotides 1 to 1156 of the tomato E8 
gene promoter sequence presented as SEQ ID NO: 7 fused to a 
second nucleotide segment consisting of nucleotides 271 to 1437 of the 
tomato E4 gene promoter sequence presented as SEQ ID NO: 8. 

2. A chimeric gene comprising a tomato E4/E8 hybrid 
promoter comprising, in the 5 ' to 3 direction: a first 

nucleotide segment comprising nucleotides 729 to 1411 of the tomato E8 
gene promoter sequence presented as SEQ ID NO: 7 fused to a 
second nucleotide segment comprising nucleotides 1107 to 1437 of the 
tomato E4 gene promoter sequence presented as SEQ ID NO: 8. 

3. A chimeric gene comprising a tomato E4/E8 hybrid 
promoter comprising, in the 5 1 to 3' direction: a first 

nucleotide segment consisting of nucleotides 729 to 1411 of the tomato 
E8 gene promoter sequence presented as SEQ ID NO: 7 fused to a 
second nucleotide segment consisting of nucleotides 1107 to 1437 of the 
tomato E4 gene promoter sequence presented as SEQ ID NO: 8. 

chimeric gene according to claim 1, 2, or 3, further comprising a 
heterologous DNA coding sequence operably linked to said hybrid 
promoter. 

5. The chimeric gene according to claim 4, wherein said hybrid 
promoter drives fruit-specific expression of the heterologous 
DNA coding sequence in a plant. 

8. A plant cell comprising the chimeric gene according to any 
one of claims 1, 2, or 3. 

9. A method of producing a transgenic fruit-bearing plant 
characterized by reduced ethylene production during fruit ripening, 
comprising the steps of: (i) introducing into progenitor cells of said 

plant, a DNA construct comprising: a hybrid E4/E8 

promoter sequence comprising in the 5' to 3 1 direction a first 

nucleotide segment comprising nucleotides 729 to 1411 of the tomato E8 

gene promoter sequence presented as SEQ ID NO: 7 fused to a 

second nucleotide segment comprising nucleotides 1107 to 1437 of the 

tomato E4 gene promoter sequence presented as SEQ ID NO: 8; and 

a heterologous DNA sequence which encodes a a protein which reduces 

ethylene biosynthesis operably linked to the E4/E8 promoter, 

to produce transformed progenitor plant cells; and (ii) 

regenerating the transgenic fruit-bearing plant from the 

transformed progenitor cells, wherein fruit of the transgenic 

fruit-bearing plant have reduced ethylene production during 

fruit ripening relative to fruit of a non-transformed plant. 



The method accordj^ to claim 9, wherein expressidlRf the 

heterologous DNA sequence in the fruit of said transgenic fruit-bearing 
plant results in delayed ripening of the fruit relative to fruit 
from a non-transformed plant- 

12. The method according to claim 10, wherein the plant is a 
Cucumis sp. 

13. The method according to claim 10, wherein said E4/E8 hybrid 
promoter comprises a first nucleotide segment consisting of 

nucleotides 1 to 1156 of the tomato E8 gene promoter sequence 
presented as SEQ ID NO: 7 fused to a second nucleotide segment 
consisting 

of nucleotides 271 to 1437 of the tomato E4 gene promoter 
sequence presented as SEQ ID NO: 8. 

14. The method according to claim 10, wherein said E4/E8 hybrid 
promoter comprises a first nucleotide segment consisting of 

nucleotides 729 to 1411 of the tomato E8 gene promoter 

sequence presented as SEQ ID NO: 7 fused to a second nucleotide segment 
consisting of nucleotides 1107 to 1437 of the tomato E4 gene 
promoter sequence presented as SEQ ID NO: 8. 
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